In the recent Sing Sing Prison study on inoculation syphifis (1) it was noted that four subjects who had been treated for early syphilis and were TPI[ non-reactive became TPI reactive within two weeks after injection of heat-killed T. pallidum. A suggestive TPI titer increase in patients already TPI positive was also noted after such injections, but significant changes in syphilitic reagin titers could be demonstrated. Boncinelli (2) has made similar observations in a small number of patients.
In the recent Sing Sing Prison study on inoculation syphifis (1) it was noted that four subjects who had been treated for early syphilis and were TPI[ non-reactive became TPI reactive within two weeks after injection of heat-killed T. pallidum. A suggestive TPI titer increase in patients already TPI positive was also noted after such injections, but significant changes in syphilitic reagin titers could be demonstrated. Boncinelli (2) has made similar observations in a small number of patients.
A provocative effect on reagin titers by injected kified T. pallidum has been described as early as 1928 by Hollander (3) who had been skin testing with "Organic Luetin". Mention should also be made of the old "Provocative Test" and its modifications which were based on STS titer increases after treatment for syphilis, especially with arsphenamine. While this "Provocative Test" fell into disuse for reasons of unreliability, the principle that the titer responses were induced by antigen released from disintegrating organisms was generally accepted.
In recent years data were presented on attempts to immunize animals to T. pallidum. It was shown that injection of killed organisms extracted from rabbit testicular syphilomas can induce production of both reagin and TPI anti-* Aided in part by a grant of the Department of Heatith, Education and Welfare Public Health Service, National Institute of Allergy and Infectious Diseases, Grant No. E-1444(C) and the bodies. McLeod and Magnuson (4) found that the minimal number of organisms required to induce such antibody production in normal rabbits was approximately 0.5 biffion organisms per kilogram. They also reported that in the case of treated syphilitic rabbits injection of relatively small numbers of T. pallidum, about 35 million, would convert non-reactive TPI and reagin test to reactive. In those animals which were TPI and/or reagin reactive when the killed organisms were injected, increased titers were noted. In both normal and treated syphilitic groups of rabbits those injected with extract of normal rabbit testicles showed no change of reagin or TPI titers following the injections.
The present study is predicted on the assumption that syphilitic human subjects injected with small numbers of killed T. pallidum will show provocative, or anamnestic responses like those observed in rabbits with experimental syphilis, while normals and BFP reactors will show no such responses. The experimental results to be presented strongly suggest that this is, indeed, the case. In these experiments the organisms were injected intradermally in concentrated form so that the state of cutaneous sensitivity could be determined at the same time.
MATERIALS AND METHODS
One hundred and fifty-four subjects were included in this study. Except for some of the controls all were patients seen by the Dermatology Service of the University of Chicago Clinics.
Before skin testing the first sterile serum specimens were obtained. At intervals ranging from two days to several months after skin testing, at least one more specimen was obtained from each subject.
Serologic Tests
Each specimen was partitioned and the following tests performed:
1. 
RESULTS

General
Of the 154 subjects, 106 were considered to be syphilitics and 27 to be BFP reactors. In eleven cases the diagnosis had not been established, and there were ten controls with negative clinical and serological findings. Twelve of the syphiitics were unsuitable for comparative titer studies because of anticomplementary reactions or unsatisfactory specimens. Tables I and  II give the general results of the effect of one or more treponemin tests on TPCF titers in the 94 syphilitics on whom complete data were obtained. On the basis of the result obtained before the injection of Treponemin, 75 or 80% of the cases were positive, 6 or 6.4% were weakly positive, and 13 or 13.6% were negative in the TPCF test.
TPCF Results
Group with probable syphilis:
In Table I the effect of Treponemin on the syphilis cases originally TPCF negative (thirteen cases) and originally TPCF weakly reactive (six Nine of the originally negative group were diagnostic problems; eight of these were untreated. Of the six cases originally weakly positive on the TPCF test, three were diagnostic problems; one of these had previously been diagnosed a BFP reactor. those responses from non-reactive to reactive, weakly reactive to reactive, and of increased reactivity by two or more dilutions are considered significant, the incidence of significant anamnestic responses was 41 or 44%.
The shortest time interval in which an anamnestic response was found was three days. The optimum interval between skin testing and second serum specimen appeared to be two to three weeks. In five cases follow-up sera were obtained for several months. TPCF and nonTreponemal titers returned to pre-Treponemin test levels in two to six months. No TPI tests were obtained in this group.
Anticomplementary Reactions
The incidence of anticomplementary reactions was quite high, occurring in fifteen cases. Twelve of these patients were shown by subsequent tests to be syphilitics, two were BFP reactors, and one remained undiagnosed.
Nontreponemal Test Results
The nontreponemal STS titers followed the same general pattern as TPCF titers. Of the ninety-four patients whose TPCF data appear in Tables I and II only In a few cases the non-Treponemal titers were of considerable importance in that striking anamnestic response in the face of weak TPCF response (e.g., NR -+ WR po) supported the diagnosis of syphilis.
The finding of anamnestic responses in the nontreponemal tests is at variance with the Sing Sing study data (1). TPI Results A small number of cases were selected from the syphilitic group for TPI testing in addition to the TPCF and nontreponemal tests. These data are summarized in Table IV and in the three case reports. As shown in Table IV , two patients were initially TPCF negative but TPI positive. TPCF became positive in both of these cases after Treponemin testing. Another two patients were negative to both TPCF and TPI tests initially, and after skin testing became positive only to the TPCF test.
Case C in Table IV was classified as undiagnosed because tests could not be repeated for confirmation, but it is of interest that the father of this 14 year old female also had positive STS.
The striking discrepancy between initial TPI and TPCF in Case H in Table IV From the data in Table IV and the case reports it would appear that TPI titers are less responsive to antigenic stimulation than are TPCF titers. The number of cases, however, is too small for comparison of the sensitivities of the TPI and TPCF tests. The data can be offered only as evidence that discrepancies between the two tests do not discredit their specificities.
Treponemin Testing Results
In Table V Earlier attempts at preparing a reliable skin testing antigen in syphilis failed for lack of techniques for purification and concentration of T.
pallidum, and also because attempts were made to use non-pathogenic strains (Reiter's strain particularly). Since the work of Marshak and Rothman (8) a number of reports have clearly indicated the high specificity of the test (9, 10, 11) . We prefer to call the skin test with the purified antigen the Treponemin test as suggested by Marshak and Rothman, since the name Luetin had been applied to most of the previous, disreputable tests.
It should be clearly understood that delayed type sensitivity occurs only in certain forms of syphilis. It has never been reported in primary One case had associated C-V lues. b One case had associated tertiary skin lesions. One case had associated asymptomatic CNS lues.
One case had associated liver gamma. e See case report 3. syphilis and only questionably in secondary. In congenital and gummatous syphilis it is nearly always present. In cardiovascular and in various eye manifestations of syphilis sensitivity is usually present. In CNS and latent syphilis less than half of the cases will be skin test positive.
Our series does not include cases in all these categories, but references 8, 9, 10, and 11 include literature reviews and additional data. Earlier work on allergy as well as immunity in syphilis has been comprehensively reviewed by Urbach and Beerman (12) .
CASE REPORTS
The following three case reports illustrate the significance of the above findings. Each vertical column gives the results of the various tests on the same day. The time interval between the testing days is indicated at the column heads. This patient presents a perplexing problem. She has shown positive Treponemin tests with three different antigen lots but persistently negative Treponemal STS. Perhaps these data mean that she had "burned out" syphilis with positive nontreponemal STS and cutaneous hypersensitivity the only remaining embers.
This patient was classified as undiagnosed.
DISCUSSION
Anamnestic responses are immunological phenomena based on the ease with which a specific antigen may reactivate a pre-existing antibody producing mechanism. The response usually occurs in less time than that required for primary antibody production, and with much less antigenie stimulation. In a few of the cases in this study, however, anamnestic responses were delayed as long as three weeks. Since small amounts of antigen were used, and since the group included some cases of proven syphilis, there is strong evidence that these responses were truly anamnestic, and were specific for syphilis. Furthermore, analogous observations were recently made in brucellosis using the Brucellergen test for antigenic stimulation (15, 16) .
If one accepts the premise that a specific anamnestic response has been demonstrated, it appears that there may be a small but significant number of syphiitics who would be diagnosed as BFP reactors on the basis of negative TPCF and/or TPI tests. The results presented in this study would seem to indicate that such cases can often be diagnosed by use of the procedure herein described. The procedure is also useful when the Treponemal STS fail to substantiate a history of treated syphilis or when there is strong clinical suspicion of the disease.
Untreated cases of syphilis with nonreactive Treponemal STS might be assumed to represent spontaneous cures. Latent, pre-natal, and late syphilis with negative nontreponemal STS are known to occur. Although it is claimed that the TPI is nearly always positive in untreated late syphilis (17, 18, 19) , this test most probably also has an upper limit of sensitivity.
Skin testing in syphilis has gone through many cycles of enthusiasm and discredit as a practical procedure, but acknowledgement of the importance of delayed type hypersensitivity in the pathogenesis of many forms of the disease is nearly universal. The antigens used in this study probably had higher organism to debris ratios than most previously used. The ideal antigen, however, has not yet been aehieved.* Nevertheless, if carefully administered and interpreted, the present Treponemin test can be a useful adjunct in the diagnosis of syphilis.
The significance of Treponemin reactivity in latent syphilis is worthy of consideration. It is well established that detectable delayed type hypersensitivity is not required for immunity (20) , and, in fact, allows greater destruction with fewer organisms. Thus, it would appear that the Treponemin positive latent syphilitic patient has asymptomatic "Tertiarism" and awaits oniy sufficient organisms for manifest lesions to develop.
SUMMARY
A small but diagnostically important group of patients suspected of having syphilis, treated or untreated, show negative Treponemal STS (TPCF and/or TPI). After antigenic stimulation by injection of killed Treponema pallidum many of these patients became positive to the same Treponemal tests. They often became positive to non-treponemal tests as well. Evidence that these anamnestic responses are specific for syphilis and therefore constitute strong support for the diagnosis of the disease is presented. In addition, the results and significance of the Treponemin skin test for syphilis are discussed.
